Introduction
The safe delivery of the low birthweight infant poses a major problem to obstricians everywhere. One aspect of this problem is the method of delivery. Many authors recommend systematic cesarian section for the very preterm breech baby [1, 4, 5, 8, 9, 10, 12] and for preterm twins [13] but there are no general consensus on how to deliver the low birthweight infant in the vertex presentation. In our department the tendency over the years has been to widen the indications for delivery by cesarian section. The purpose of this retrospective analysis was to detect any difference in outcome for low birthweight infants born during the period of transition toward extended use of cesarian section in preterm delivery.
Material and methods
The birth registers of the obstetric department YA for 1978 and 1979 were screened. Clinical records of babies with birthweight 501 to 2500 gram were examined including the CTG-recordings and the records from the neonatal intensive care unit. Information on treatment up to final discharge was collected for infants discharged to other hospitals. During the period under study, the routine management of labor prior to the 27th week of gestation was conservative. The routine medical treatment of preterm labor was beta-mimetics and phenobarbitone, until 35 weeks of gestation betametazone was also given. In case of twin-pregnancy or breech presentation the routine was cesarian section. In the absence of these complications or obstetric emergency the method of delivery depended on the preferences of the attending physician. General anestesia was used routinely for cesarian section including barbiturates for induction and at times including early use of halotane for uterine relaxation during fetal extraction. Ventilator therapy was not usually initiated during the first day of life in infants below 1000 gram.
Classifications
Gestational age (GA) was classified as completed weeks after the last menstruation verified by early ultrasonography where possible. Method of delivery was classified as vaginal delivery or cesarian section. Further details concerning use of forceps, method of cesarian section (theroutine was lower transverse section) and complications were not recorded. Maternal disease included previous obstetric complications, severe liver-, kidney-or cardiac disease, chronic intestinal disease, endocrine-or mental disease or drug addiction.
Complications of pregnancy included toxemia, severe bleeding, placenta praevia, placental abruption or hydrorrhea for more than 8 days. Twinpregnancy and fetal presentation other than vertex was also classified here. Placental insufficiency was diagnosed by signs of intrauterine growth retardation before delivery by estimated fetal weight in the small-for-date weight area, decreased growth rate of BPD or subnormal/decreasing estriol and/or HPL values in maternal serum. Tocolysis was recorded if betamime tics and phenobarbitone, the standard treatment of premature labor, had been started. Intrauterine asphyxia was considered present in case of fetal bradycardia, cardiotocographic signs of fetal asphyxia or meconium stained amniotic fluid. Neonatal asphyxia was considered present when the APGAR scores were less than 5 at one minute or less than 8 at five minutes. Intracranial hemorrhage was diagnosed by autopsy or in survivors by a bloody cerebrospinal fluid with the presence of phagocytosis of red blood cells. A few cases were diagnosed by computerized tomography. Respiratory distress was considered present when the infant required more than 40% oxygen or assisted ventilation. Intravenous fluid therapy was recorded when more than 50 ml/day (required for i.v. medication) was administred. To yield a more homogeneous material, in which the method of delivery to chose was particularity in doubt, we defined a subsample (in the following called the reduced material). We excluded 19 infants with severe congenital malformation, 15 infants delivered after rhesus-immunisation in pregnancy, 98 infants delivered after 37 completed weeks, 8 infants delivered before 27 completed weeks, 4 infants with early, severe intrauterine asphyxia as well as 6 infants with incomplete records. The effect of cesarian section, neonatal asphyxia and gestational age on intracranial hemorrhage and on neonatal mortality was evaluated by multiple regression analysis yielding estimates of the odds ratio. Statistical significance of the odds ratio was tested by the one-tailed t-test.
Results
During the two year period 329 infants of birthweight 501 to 2500 gram were born alive and 26 were stillborn. 178 infants were included in the reduced material according to the criterias decribed in the previous section. The distribution according to birthweight appears in Fig. 1 infants delivered by cesarian section, 1744 grams compared to 1866 grams. Obstetric complications were more common in the cesarian section group \\ as was the rate of elective delivery as well as unsatisfactory clinical condition at birth and at 2 days and at 5 days of age. The use of tocolysis was comparable, the majority receiving beta-mime tics, phenobarbitone and betametazone. Contrary to this, the rate of intracranial hemorrhage and mortality tended to be lower. In order to examine this further, including the effects of other factors influencing'ciutcome, multiple regression was carried out (see Appendix 1). Cesarian section appeared to reduce the risk of intracranial hemorrhage (odds ratio = 0.36, p < 0.1) while the neonatal mortality tended to be lower, although this was even less statistically significant (odds ratio = 0.65, p < 0.2).
Discussion
The low birthweight infant delivered prematurely runs a one-in-teri risk of neonatal death and a one-in-ten risk of permanent neurological or developmental deficit due to perinatal insult [3, 18] . It is of great interest to know if these risks can be reduced by cesarian section. What risks can be imposed on the mother for the sake of her premature fetus? The question has become more important since the advent of neonatal intensive care and the improved chances of survival of the premature infant. Prevention of permanent handicap is even more important than reducing neonatal mortality. It can be argued that the risks to the premature fetus is of a higher order of magnitude than the risks to the mother from an abdominal delivery. This is the case at least in Denmark where it is unusual for a woman to give birth more than twice or three times and where antenatal services and delivery services are highly organized. In a different setting, where multiple births are common it is possible that the risks to the mother and the fetuses of future pregnancies are very real [15] . In such case the advantages of cesarian section for delivery of the premature infant needs to be very well established.
Conclusions from a retrospective study as the present one should be drawn with caution, but in the available material it appears that the risk of intracranial hemorrhage was reduced to less than half after cesarian section. If such a reduction could be achieved by cesarian section it would be of great importance. Even the estimated effect of cesarian section on neonatal mortality points to great potential benefits. A number of retrospective studies have been published, most favoring cesarian section [1, 5, 8, 9 ,10,12], but not all [2] , All suffer from the same methodological constraints as the present study: not be optimal for delivery of the very small infant A limited number of infants and doubtful com- [6] . Unfortunately umbilical artery pH was only parability. measured in about 20 % of the infants. In any single institution the number of premature A randomized, controlled study would be most infants delivered is limited. In view of the rapid useful. 400 infants would be required to demonchanges in perinatology, as exemplified in Tab. I, strate a reduction in mortality from 10% to 5%. it is in general not possible to extend the period of Less infants would be required to demonstrate a analysis to more than a few years. To include reduction in intracranial hemorrhage, detected by more than one institution in a study may be ultrasound, but the prognostic significance of the hazardous if both the rate of cesarian section and small sub-ependymal hemorrhages, which conthe outcome differ between the institutions due to stitute more than half of the total number of external factors.
hemorrhages, is still debated [11, 16] . FurtherNo retrospective analysis can be certain to avoid more carrying out a randomization procedure in bias. A general way of reducing the influence of the swiftly changing clinical setting of premature differences in composition of the compared groups labor and delivery would be very demanding if not by extensive use of multivariate analysis requires impossible. rather higher numbers than are available. To make
In conclusion, it is unlikely that solid proof of the the material more homogeneous we used rather benefits of cesarian section for delivery of the strict criterias of exclusion. Thus, rhesus-immuni-premature infant will come forward soon. We find sation, and early, severe intrauterine asphyxia were *at the available evidence points to liberal use of always delivered by cesarian section while the cesarian section in premature labor, regardless of immatures (gestational age < 27 weeks) were ifetal presentation, usually delivered per vaginam and were therefore excluded. Nevertheless significant differences
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A J* 1 between the two groups of infants are apparent in Appendix ι Tab. II. The infants delivered by cesarian section The effect of method of delivery was studied by were delivered after more obstetric complications, mea ns of logistic, multiple regression, which is more often delivered electively, were slightly required when the dependent variable is assumed lighter and the clinical condition in the neonatal to follow the binomial distribution. This method period was less satisfactory. While the increased o f statistical analysis puts no restrictions on the risk of respiratory distress after cesarian section distributions of the independent variables. Intrais likely to be a direct effect [7] , it is uncertain cranial hemorrhage and neonatal death were used whether the greater need for intravenous fluids as dependent variables. The result of the analysis was also a direct result of the cesarian section or j s a sei o f o dd s ratios expressing the changes in rather a result of the lower birthweight. risk of unfavorable outcome depending on each Neonatal asphyxia, as expressed by APGAR scores, independent variable. When the risks are low as in tended to be more common in the infants deliv-the present case the odds ratios approach the ered by cesarian section, which was also found by relative risks. PAUL and SMITH [14, 17] . this is somewhat unexpected as the main objective of cesarian section in premature delivery is to minimize the Tab. III. Factors predicting intracranial hemorrhage. perinatal insult by minimizing anoxia and physical S factors in multiple regression. trauma. Three factors could be involved. Partly, Odds ratio p the general anestesia is likely to depress the labile --;-; ---ΤΓ7ΓΓ The result of the analysis of factors contributing to intracranial hemorrhage appears in Tab. HI. As expected the risk of intracranial hemorrhage decreased with increasing gestational age. Unexpectedly the small-for-date infant had a considerably increased risk of intracranial hemorrhage. Finally, infants delivered by cesarian section tended to have smaller risk of intracranial hemorrhage than did the infants delivered vaginally. Neither intrauterine asphyxia nor complications of pregnancy did appear to have any effect on outcome. The exclusion of these two factors from the analysis did not significantly reduce the goodness of fit of the model and it did not change the odds ratios significantly. In order to see if the benefits from cesarian section was more significant in the lower gestational age range we included a factor of interaction between the method of delivery and gestational age in the analysis. The interaction was not statistically significant while the tendency was towards greater benefits in the high gestational age range. This means that the presented data do not point to any upper gestional age limit at which cesarian section is useful. The analysis of factors contributing to neonatal death appears in Tab. IV. The odds ratio of cesarian sectio was considerably below unity but did not reach statistical significance. After exclusion of the two other insignificant factors the odds ratio declined but did still not reach statistical significance.
The increased risk of intracranial hemorrhage and neonatal death in small-for-date infants deserves special mention. It reflects the effect of birthweight when gestational age is held constant. The calculated effect of the small-for-date factor may have been increased by the lack of small-for-date . infants in the high weight range due to the selection criteria of < 36 weeks. The exclusion of the small-for-date factor did not significantly affect the estimated effect of cesarian section.
Summary
The method of delivery is an important aspect of the management of preterm labor. We'present a retrospective analysis of obstetric and neonatal factors in 355 consecutive infants with birthweight < 2500 g. Stillborn infants, infants with severe congenital malformations or rhesus immunization, infants delivered at term or born before 27 completed weeks of gestation and infants with severe, early intrauterine asphyxia were excluded. 178 infants remained for analysis. During the two-year period under study, 1978-79, the routine perinatal management of immature infants (gestation < 27 weeks) was conservative. In case of preterm breech or twin-pregnancy the routine was cesarian section. General anestesia was used routinely for cesarian section.
The rate of cesarian section increased in the second year, so did the rate of placental insufficiency and complications of pregnancy (Tab. I). Mean birthweight was 1800g and mean gestationai age was 33 weeks. Obstetric complications and unsatisfactory clinical condition of the infant in the neonatal period were more common in the cesarian section group. Elective delivery was more common in this group. The birthweight was also slightly lower and there were more small-for-date infants (Tab. II).
The rate of intracranial hemorrhage tended to be lower after cesarian section. Eleven of the 95 infants delivered vaginally sustained a neonatal intracranial hemorrhage while only 6 of the 83 infants delived by cesarian section did so. Multiple regression showed the risk of intracranial hemorrhage to be reduced to less than half after cesarian section (odds ratio = 0.36, p < 0.1). If this reduction holds true it would be of great clinical importance. An effect of cesarian section on neonatal mortality could not be demonstrated although the estimate of the risk of neonatal death after cesarian section was reduced by a third (odds ratio = 0.65, ρ < 0.2). The methodological problems of aquiring firm evidence of the benefits of cesarian section are discussed and it is argued that few institutions will deliver sufficient numbers of low birthweight infants to allow the comparison of very narrowly defined subgroups. On the other hand a randomized, controlled study can be considered impractical.
In our situation the risks to the preterm fetus is of a higher order of magnitude than the risks to the mother from an abdominal delivery. Our results would indicate that there are good chances to achieve major benefits by liberal use of cesarian section, regardless of fetal presentation. Keywords: Cesarian section, intracranial hemorrhage, low bkthweight, neonatal mortality, preterm delivery. 
